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Tbe invotitdon relates to a prQoe«B for thtt preparation 
o( A rablea vfiicciiiid by muXtlpIication of tAj^iM virufiea in 
animal iMirvft tissue or poiiltiry esiAryoB^ h&irveatin? of tho 
S vlruBee frcsnn the neirvfi tiftsuA or frcm che ha&da of the 
«ffi^r7o»« enriching the viral preparation j iMCtlvatizKi 
c)ieri»of, and properinq a vaccine* In one aspect t the prccees 
Rcanpriwd bacncigenl^ia.? thfi tavvm tissue ox en^rya heads and 
harvesting ot the viruses therefrom by avoiding the uee ot a 

10 mixer r and thus prfiventing donate to and Craqroentatlon ot the 
viruses i The nerve tiasue, the eatUsryo heads or their 
contttDts are cQJivninutGd in a manner which preserves cell and 
viral integrity^ l^e preparation is then treated by 
aepairating the complete live viruses which are capable of 

IS niultlplication from the resulting cell auapenclon, 

dfilipidating by extraction with a wa^er-lmzaiBcibLc organic 
solvent antJ then further iieiectively concentrating the 
viruses thereof* 

The invention also relates to a jnyelin-free rabies 

20 vaccine whici) has been obtained hi' the proRsss deacribed 

above from animal were tissue or poultry embryo head tissue 
containing rabied viruses. 
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BftCKGROUMP OF TttS IKVEMTIOM 
yicid. oi the inveption 

The prc^sent inventi-on relates to a new, economic procees 
for obtaining ^ rabies v^iccinc camprisino obtaining whola 
5 live virusea and rendering tbd virusefi thereof incapabl-e ot 
roplicatin^f by chemj.Gal treatmsT^t. This invention al^o 
relates to a vaccine obtained by this ptocesa, which ia by 
reason of its high purit:"ii, distinguished by a high specific 
activity And the abaence of undesirable eecond&ry reactions 
10 when inoculated to human subjects. 

Degcriotion of the Background 

Moat rabii»3 vaccitiea hav<k \ip until the pr&fient time 
laeen obtained by nmltipXlcation of the rabies virus ici living 
aaimais such as mice, rats, rabbits, eheep, etc< However, 
15 the thue obtained virujs-containing preparations contain 
* considexabXe osnountis of anyelin and illicit detriariental side ' 
effftctfi* 

In raeant ximep rabies vaoclneii have also been obtained 
from vixuBes multiplied la poultry eirbryos. This method hde 

20 tha advanta9Q« in principle, that the thu« obtained viru«- 
oontainlM tissue contaifta hardly any iajurious niyelin* 
After multlpiioation of the viruses 1» poultry embryos, theoe 
embryos arc completely horoogeDi^ed in toto in a mixer or 
blender^ In this manner ^ however, It is only poersible to 

2S incompletely separate fxom this pasty ht9Tiio9enate the virus 

- 2 - 
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ccinstittiencs from hetioroloc^oue protein wbich my initiate 
uatl&islrdd secciAdary reactions upon inocu].ation. This is ^iao 
the with vaccines obtained frojn brains of living 

animals beea i»£«ct«d with r&faied. On rf7peatec3 

5 irxDCUlation Indidperisable in the aaso of huntsmeti, for^Qtry 
workers, veterin&ri&as, ^te. - theoe isecotsdary reactions may 
Icicre^QQ considerably and result in violent allergic defensfi 
ra&ctionfi against tto betecolofjWB pcoteins* 

The quality of ambryo vaccines ha$ beeci somewhat 

10 inipi^oved by uaing only the heads of the embryos to obtain the 
vaccines. Since ^ in contparlcion ^ embryo heads oarry an 
eeeentialXy higher conoentration of the virusfis, the vaccines 
prepared only from embryo heads h&vo a correspoi)din^ly lower 
contant of byproducts and cauRe fewer «lde effects [ qerBria.Q 

15 Patent 3.0()9.Og4 ? U.S. Patent 4.255,530 1,.. 

However, in the Rourso cif preparing vaccines from nerve 
tiseud of aniinalB (froro ejtihryoB or from embryo hoaduli^ 
viruses are often damaged or f ragraantsd vh^n the virus- 
containinq tisfifuoa are horoogeniaed with a mixar or blender* 

20 This considerably reducas the activity of the vaccine 

prepared f roan horoogenates of this typa and jnalces its purifi- 
cation mora difficult aince lairge aniounta of proteinc 
and liquids ara roleased frcm the fragmented Gollfi« 

h i^lightly bettier vaccine ha& only been obtained by 

25 jTiultiplieation of the rablea viruses by in vitro oulturing 
human diploid cells fmcX H. KoproMfski , '?vaocine fox man 
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p£cs»arod in human diploid cellis'*« Laboratory 7tehniqu«K 
In Rabies by M^M^ Kaplan and H. Koprowski^ WHO Monograph 
serie* Ho. 23, Chapter 2d, pp* 2Sfi-60 (1373); T.J> vlxtcir . 
Develop* 3iol. StAftdudr vol. 37/ pp. 356'-<$, S. Kargar, 

5 Basal 1978 ^ ^'Production and ooatrol of rabifis vaccines made 
on diploid cells"; T.J. Wiktor et a l> "Development and 
cllnioftl trial of rahieo vaccine of tiaeua Cttltuxfi origin", 
develop. &iol* Standard, Vol. 40, pp« 3-9 (1973)). The thvQ 
obtained vaccii^es contain human proteins as contaminants* 

10 Such proteiAs, 1i0w«v«r» although producing f evrer. secondary 
reactions than do heterologous proteinis^ still pzoduco aonie^ 

A oonaiderable dleadvantage o£ thi3 mathod io the 
relatively lofw multiplication rate of th«i rabieii virufi^s in 
diploid fibroblast cells. This requires the u*e of & 10- to 

15 2S«fold greater concentration of the vaccine » Rencs; 
this method is not efficient enough to meat world-wida 
demand for rabiee vaccine i» an economically fsasiMe manner. 
The preparation of a rabies vaccine in ducJe enibryo cell 
cultures is dQecri]bed In tJ,5, Patent 3. S74>$g2 * In this 

20 process, however r the inultiplication rate in cell culturee 
is limited I J UiS. Patent 3,973>000 describe* a mathod for the 
enrichment of rabiee virusaa by dengity gradient centrifuaa-* 
tion; W. Bolle and A- Wavr t Mikroblologie , Infektions- und 
Seuchealehra^ 3tuttgart tMicrobiology, Infection and 

as epido?niolcgy) gtuttgart [1^78) describe the 

traditional preparation of duck embryo rabies vaccine) . 
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TMufif th&r9 is a prs^plxiQ neeii t^r a new and highiy 
active r«bie« vaooine which contains mechanically intact, 
viruats tflrfith fully retaitted Aatigej^ic activity, which i» 
Straight forward* to prepare and thua not too costly, and 
s frM of fiide &fleot£. such vaccino would bo M cjffoctlv^s *ind 
veil -tolerated vaccine which has lon9 been Ecu^ht for 
world'-wido control of the fear&tame and fatal rabi«s di&aafi$« 

5UHMAHY OP Ti3E INVgNTI<:jN 

Th6 pre^^nt invention provides & prooeds for obtaining 
ID inactivated rabicfi virufie^ which arR subatatitially myelin- 
frofl, cofljprii^ing: 

(1) intraces'ebjrally inoculAtiinc} »n experinicncal animal 
with whola live rabies viruses; 

iZ) «1] owing for ^aid viruses to multiply; 
13 (3) cornninuting nerve tissue from thA animal's brain to 

obtain 61 «ell eudpondlon^ oeid contttinution being conducted in 
the «b«enee of a mixer to preserve the integrity of the 
viruses; 

(4) separating live whole viru9e9 iran the cell 
30 suspenaioni 

f5} delipideting the Uva whole viruses; and 

(6 J selectively coRcentxating the viruses p wherein 

steps {\\ through (4) are conducted at lesst once and up to 

3 times. 

' 5 



http://patentsl ic.gcxa/fcgi-biii/any2htmi?FILENAME=%2Fcpoti%2Fprod% 12/1 7/2002 



01271708dis.afp Page 5 



Page 2 of 3 



127170Q 

in Addition, this Lnventiom aImq '^t<nriAM a process for 
obtaining ir^jictivatfid rabtaa viruses whicb «re subBtantiAlly 
niy«Xin*f)rM comprising! 

(1) ixiocbUtlng A poultry «mbryo «q« with whoXa livs 

(2) Allowing for said vtrua«s to jnultiply? 
C3J comminuting tha «3nbryo from the poultry 

obtain A oelX susp^noioni sai^ comminution being conducted Isx 
t:he absence of & mixsr to preserve the inte9rity ot thn 
viruses I 

(4) B^par&ting live whole viruses fxocn the cell 
suspension r 

(5) del ipida ting the live whole viruses; and 

(61 selectively concentrating th« attenuated viruses > 
IS wherein stops (1) throu^ (4) are perfoniied at least once and 
up to 3 , tiwes. 

This invention also provides a rabies vaccine comprising 
inactivated rabies vlrueee which are svibatan tidily 
styellft-free, said viruses being present in an amount 
^0 aCfsctivs to elioit an immunizing responss when sdniniBtarod 
to a subjsct* Th« present vsooinv may be obtainsd by ths 
hereinabove proceases. 
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PE?> CR3yTION Qg THE Ib?VHNTIO» 
The presejit invention relijteB to an economic procefis for 
propAring a ratoies vaccina v/hich i» of the highest quAlity 
kthAXi compared to vaccines obtained £razn vlruD^a multiplif!^^ in 
5 iSiploic^ huvtAn ce>11 oulture^f. 

In one aspect of this itivention the process comprises 
(1) isolating the ratiieB viruses which h<ve multipiiaa 
in animal nerve tissue or poultry eiuhryos avoiding inechanical 
d&jnage to or f.ragnjfintation Qt the virijses thereof; 
10 (2] . removin? lipids from thd rdsultdng virumB by 

extraction with a v^ater-immiscible 0£9anic solvent suoh as 
volatile perftf fin hydrocarbons or haloge»ated hydrocarbons 
8uc]i $0 fluorinated hydrocarbons; 

{3) enricniiiQ the delipidat&d vixud«d by density 
15 gradient centrif ugationj 

{4) precipitating the viruses by additioa af a 
polyethylene glycol (e>g^r 6000) and concentrating 
by centrifu^atlon and purifying the Live wholfl viruees* 

Step (X) entails extracting the rabies virus by cautious 
2Q cotnmliiutlon (preserve cell and viral inte9rlty] of the 

nerve tissue or poultry embzyo heads (fepcr,, duck, chic)c9n or 
quail), and washing tho tissue fragments with a buffer, e.g., 
pho&phAt9-containin9 buffer. 7hi« step is superior tlian 
homogenizing in a mixer or blender since foreign proteins and 
35 lipids are solubiliscd to a leader extent, tJ^o occurrence of 
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oxlclation products ot antigenB'^ proteins and lipids id 
Avoided p and the content of izstradB^.Wlar, Incomplete and 
nou-iniDunielng rabies antigen La dinunifihed« The viras^ 
containing sui»penftion obtained by waisifting the tissue fra?'^ 
5 inRnts with an at^ueau? buffer feolution is then removed by 
differential centrifu^&tiioxi. 

At least 9^% of the residual prot:ein is disciirded by 
operations 'S and/or 

The vixtiaeg are then fij^ally inactivated in a known 
10 manner, for example by addition of fl-proplono lactone or 
tr 1- ( n-butyl iphosphate ♦ 

DSSCRIPTIOH PC THE PRErSRRgP gWB O PrM'SWTS 
The individual proc^sB stops- of the inventive prooess 
are performed in auch a jiianner that a Burprisingly good 

15 overall rofiult is aohievi^d. Harvesting viruses only form the 
heads o£ the embryos entails producing a high basic 
concentration o£ the viruses . The mild treatment ot the 
viru9*containing tissue material glvee. a fine pa^ite, 
especially upon avoiding the homogeni nation thereof with a 

20 mixer or blender, provider a viral suspension \chioh exhi!olte 
eubstantially no mochanicaLly detriaged or fragmented viruses 
with ihccanplste antigen content, and which r moreover, 
contains fqr fewer foreign materials such as oell debris, 
proteino and lipids « The remaining lipida can be removed 

25 from this viral suspeneion by extraction i and the proteins 
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can be f«r more coniplct«iy remov«<i by 8«lect4v« eonctntrntion 
and/oi pr«cipltAtJ.on ot th« virus th^^n f xom « po»ty 
hefii09en«te< The vaccIm obtainad by the proc»u eom|irl8inQ 
the B«43u«n.c« ol step* ^Mcrlbod in topirov«d )9y Around 90^fola 
5 cfinip«^re^ with the convftntiontl duck embrTQ raMas vaccine. 

VTten the preparation of r«ibi^« vaccine In otataiited by 
P««sagiii9 on nerve tissufiB ct aninuilE such as mic^^ rats, 
rabbits Acid fih««p^ f-hfi virus as ar* muitlpllftd in the living 
anlAidl by intracerebral ixioculAticit) ot rabies viruBes 

Xd of star^ardizfid seed xtraiM. It niuGt^ however, be nctad 
that tte tnuItiplicAtion ot the viru0e» in living dnlnals nae. 
the Ui B4dvantag« ^ carnparnd with the Aittltiplicatioii of the 
vi ruses in poultry ev^ryos. that tb^ p^^rve tic«u«« living 
aAimald contain myelin* Thi^ protein ie Xnovm to give riae 

15 to secondary react ionc when the vaccino is used, including 
encephalitis 

After slaugliterizs^r the anlinaX^^ vhich were previously 
inoculated vith live whole rabies virusas, th«ir brains . are 
removed, ccannlnuted in a nannar which preserver the wholenass 

2(1 of the cslls and the viruses « and a vaccine is prepared from 
the r««ultin^ cselX suspension by the proc«« dtfserib^d 
h67»inabov«. Owing to th« avoidanoe of cell. fragnMntatton 
during the cornninution of the vlrus'-containing nerve tissues, 
less myielin i« released than during conBninutioft vtth a 

25 mixer , Daring tbe extraction ot tha liplda with an organic 
Bolwnt in a later Map of the ptooesB a further s»art of tbn 

, 9 - 
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»tlll preiaent Tnyali>^ reamovad in aucti 4 nuinnftr t^itt tho 
vacclm which 1« finally obtained eaiJMa only minimal, if 
«ny« sAConjdftry roBctiGnsi, cind those vhlch are caund «r» 
fitill highly tolM»bl«, 
5 The otfrpB Qf ths process muse bn conduoted ^voddii^vr th« 

of A mix^r or blender for che homoQeniEAtion of nerve 
ti fifties or of embryos or embryo heAds on harvesting of the 
vlrused. Thia prevftnta damage to and £r«gmszttAtion of the 
viruses by coveDiAUtion ot the nerve tissues or of the embryoe 

ID oz ejitbryo beads and th«ir contetits in a manner vtiich 
preaervcis the wboleneoa of the oelljy &nd the vi ruses ^ 
sepateting the cOTniplete liv« viruses which are capable of 
mulciplicatiOR from the resulting (?eIX suspeniiion^ end ' 
purifying the resulting viral Buepensiion, deXipideting by 

15 extraGtlon vith & ^rfater^imlacible organic aolvenr. and then 
&eXe«tiv«Iy concentrating the viral preparation. 

lAie comiinutioi] of the nerve tlsBiia« tbe etitbryos or 
entbryo heade or their contents, is eexried out with the 
eld ot a niBBt mincer on e course oetting^ by cutting up or by 

20 opening of the heads and comninuting the removed bra.tn tissue 
in a manner which preserves the Integrity of the oells, and 
therefore the viruses. 

washing or extracting the viriOee from the cosnminuted 
tissue Is carried out vrlth s buffer soXution* preferably with 

25 «n squeous phosphate buffer of about pH 7-0^ sa is known in 
the Art» The reittoval of, the li|;»id8 is sarrled out by 
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extractjion ^itb a water ^immisiclbXe soXvent, such u liquidr 
volatild^ optionnll? halo^n&ted hytfrQcartenii . Suitable 
9olv«n^B are petroleum «th»r9 such as h<pt:aMj?» fluorinatsd 
ajfia chaorinatdd ethaM? and homologs thoreof * QoMVftr other 
5 i&olventji can altio be usad. ^ The furtH^r concantrarlon of the 
df^lipidat&d viral duspeiiBlon can carried out by d«ti9ity 
gradient centrijfugation and/ or pxscipitatiQn with a 
poiyetJiylene glycal, preferably with Pfig $000* as ia known in 
the art, SuttAbld types of esnbxryo poultry egga for the 

10 iniiltlplicatioti of rabies viruses are in particular those from 
ducks, chicKens ^nd i^uailfi . In general/ inoubated duck eggs 
are prafi^rrad as the tia^xae for the molt iplic^it ion ot 
the virusefi. The nfyalin-free rabies vaccine jprovided herain 
may be obtaiii«d from poultry acnbryo head tissue which 

XS cck&talna rabies viruses by the process which is deanibed 
above, which process fully preservea viral integrity. 

The procesflses according to the invention re«ulte in a 
rabies vaccine which, compared with the vaccines obtained by 
proceaeea hitherto known p exhibits a f^r batter ratio of 

20 , antigen content to protein content^ contain subetantitilly no 
foreign lipids, and approach in -quality en ideal mc v&cclne. 
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DBTAILBD DRSCRIgTIPN OF TOE PKQCZSS 
Haw the porocgfic will bft do^crited in relation to fiach 
aepArfitfi step. 

StCT) 1 : 

5 A rabies virus Bt.rain which is suitable for the 

prepar^ition of the vaccine ia adapted to the intfiuded viral 
host by appropriate passai^Od Qft the fiiRbryotial celle of 
poultry ecygd or in mice/ rats ^ raijblts or oh^ep, among 
others. 

10 ;^tt€nuated rabies viru»ii5 s^re, for ex^smpl*, inoculated 

into Che yolX $ac o£ fertilized poultry e^^B v<hich have? 
undar^one initial ijicubatioji And in which an embryo hat* 
started to develop. After about two vreeKa, tho eflibryos ara 
ramovQd and their heads are harvd&tdd. The cnibryo heads are 

15 oommilntited in a manner which preservee c^ll &ad viral 
integrity in a meat mittcex, 

Alt&rnatlvelYr the head of the: esnbryo, 1& cut open and 
the brain tissue is removed and comminuted. Th« 
multiplication of th« viruses may also be undertaken in 

20 lining atilmal«. In such case, Mlmal£ uhj.ch are only a few 
days old fmicei r&ts, rabbits , lambs ^ etc.) are usually 
inoeulatdd intracsrabrally with thfr some fipecle«-'spaci£ic 
attenuated »eed viJ^U^.. 

fittjtr about 10-30 days the Animals are sacrificed, 

25 and the braine ^ra ramov&d by operation and oomininuced in 4l 

' 12 - 
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extraction of the r9ibi.e9 vii-^tB trcm the cacnmimited tissue i£ 
carried out by wftBhlng the tissue frft^niiSTits M±th & 
pho«phAte-coot«ij)in9 Isuf^ex- a sultabla pbioQpfciate buffer 
^ is one coaprisln?^ by welQtot of dlsodiixm bydro^CT) 

phocphAte (Ka^HPO^ir 0.145^ by weight o£ potaseiuzh dihvdrQg«n 
phosphate C)CH2P04} «tid D«4B% by nnei^ht t>i aodiuin iirhloride in 
diBtil3.«d water, pH 7v4« However, otTicr buffer solutions 
Xnowa In the art iit^iy ^luo be u&od, it la equally poMible to 

ICi use. for the extract icMi.r stabi Users and salt solutions which 
ar« tufitoniArlly UMd for tha preparation of viral vaccine 
^uBpentaionSr or even deionixed vaster as long as the pH is in 
the rangre between 7 and a» 

The suspension containing the viral antigens is 

15 enparated trom the tissue by differential centrifugatlon at 
about 10,000-15,000 x g {g being the acceleration ot 
gravity). The renal ning tissue sedlsnent can be used for 
further sxtraetions^ by which mesne a yield of. about 10% o£ 
viral antigen le possible. The tw or more virus-^containing 

2D extracts are contbined and then filtered^ 

Step 2 ; 

The foreign lipida still remaining in the viral 
su«penslon are removed by extraction with a watsr^ljniniBcible 
organic eolvent* such as, e.g., with an bydrocarbonj 
25 optionally balogenated and preferably fluorinated. 

- 13 - 
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Subs5oquontly^ the antig&n extract {the viral euspatieigci* 
ia enrJched by density gradient: ceDizrlfugatipn in a inaiiner 
known por sc at 15,000-90,000 x g ut-ing a Jf>u£f©r ettid sugar 
solutlotift of varioufi concentrAtione> l5Y inci^eaaing the ^u«r 
5 concentration in tho buffer in « manner known in the art, 
AltJ^rnativelVf the viral wepension can be concentrated by • 
precipitation with polyethylenB glycol. 

Step 3 ; 

T^ic donslty qr^adient centzifugation is carried out 
10 it) « manner known pc^r b& at 15^000 to 19,0(IQ % g using oti^ar 
solutions of variovui ooncentrations and buffer solutions r by 
increasing the sugar concentration iri a buffer solution. Tor 
tbie purpose ; the prepurified suspension 'is pumped 15,000 
to 90,000 X 9 at sflow rate of, e.g.* 4 litres/h over a step 
IS gradient of an increaelog concentratioo of eugar fa*»ually, 
sucrose from 15 to %) which ha« previously been 
introduced. The fractions collected from the various 
den»itiee axe tbea «iuJ?jectEd to te^ts for density, the 
contents of lipids , nucleoproteinc and glycoproteins «. and 
2D sterility. 

The antigen-containing fractions axe pooled r tested 
once more* and then processed further to obtain the vaccine. 
Physiological saline sblutlona of any type, e.g. « t>ie 
phosphate buffer mentioned above , can be ueed for dilution 
i» a cnanber luiQWo per se (Duck embryo rabies vaccine: 

- 14 - 
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J.y. Hosklcifl . Laboratory Tachniqfucfi In Rabiea by Kaplan 

al., WHO aonftVA Chapter 27, page^ 243-5S; Dancity 

gradient ccntrifugatlons J. Hilfenhaug et: al, . 
J, Biol. Standar^i. 4;2$3-271 11973); M, Waje r 6t al- . 
5 Xtovelop. B.lol* Standard. 37; 267- 271 {1977); and P. Atana&in 
et al » . Deveiap. Biol. Standard, 40: 3 5-^^. 

Step 4 ? 

iti addition or aitcrnativjs to tiie ^rxrichwicnt the 
10 MiJTUB concentxation l5y density gradient: ccntriiugation, the 
prfipurifiodi and asually enriched, viral sv-ispensiaTJ can be 
• further conoentrated and purified by precipitation with a 
polyethyldnfi glycol , pref air ably free of heterologoas • 
protein» For this purpose ^ the pH of the viral ausE^ension 
IS can be adjusted to about 6. ^£ter addition of a polyethylene 
glycol (e»9*, PHG ^000} to a final concentration of 6t by 
might, the Buspension i& stirred for at least one hour and 
the virus is precipitate^^ by Mbftequent oentxifugation at 
lOiOOO— 15#000 X g. Tiie viral sediment is then reeu^pended 
20 1r a stabiliser composed of a solution containing lectose and 
physiological gelAtin ( S.W. MDchailovskv et al* , 
Ann* Inst* Pssteur 121:5fi3*56a (1*^1) j Jamea Woelarrv et al,_ . 
Virology 40:745-746 (1»70). 
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Stop .5 ; 

!Ehe intact llv« viruacs c&i>Bble of imilti plication 
which &ro present In the ceBiilting viral cotic&ntrate «r« 
now in&citiv«ted« Betd'^ropionolactond Is usually used 

5 for tlae inactivation ( S.A^ Lodrlppe. , Annals KM YotX 

AcMO. Of Sci. aiis^a-gn u^co) . wow&vor 

of: her .^ubistanoos are also 

suitabXa for thi^ iitixp^ee such as t:ri(n-butYl] phosphate 
( H. Tint gt al^ i> SyicipoBia seriefl in "A uflw tlMae culture 
10 xftbies v&ccintt, inactivated ax>d dis&gg related Mith 

trl-(n-Uttyll phosphate" IitBittinoblol . Standard* (Katger, 
Basel] Zls'i32-144j T.J. Viktor at al. . Develop, Biol. 
Standard, 40ti'9 (1978}, 

^hft vaccine concentrate ohtainad by the nerw proce&Q 

15 differs from cowmarcially available rabies v<icein©s in Its 

high content of antigen value units per Jtmj of nitrogen (iieaa- 

ured using the etandard WXK teat in mice and the antibody hiad- 

ing te^t in the RFFTT) . Pxeferavly^ the vaccina cofttalits more than 
10 antigan valu« units per mg of nitrogen^ and still more 

20 preferably snore than 15 units per mg of nitrogen, but 
alwaya more than 8 units par mg ot nitrogen. As a ruler 
tlua aafttt can be obtained uaing utibbrn eiiibryos yfoich do not ae 
yet feel pain and In which the brain tlsaue, v^hieh ia juat in 
tli» process of deyelop«aeht« appears to be still free of 

25 nyftlin ( M. Abdussalen et sl^ ■ **11he problem of anti^^r^bies 
vanci nation" I Ihternetional conf»rence on thtt application of 

- 16 - 
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vAceiae ag^inat a^say viral rickettsial and bact«rlAl 
.diseases of ntan^ Pan^ km. Health Or?. (FAHO) « 5c. putsi IHq. 

(1970); And P. Fenie , "The status of existing 
tables vaccines", ibid* pages $0'-6S). 

The vaccine resulting after the iciactiiffltion con 
disponified Into vials and can tn&n be f reezc-dried* It may be 
rei;on»tituted tox use by dissolution or fiusponsiorx u$lng 
distillad water. 

10 As i» well understood b^' thocft ekill&d in the art o£ 

viral pariiication, additional steps may be included Co 
farther purity the rabiea virus. 

It is possible by tho procaaa which has been deacxibed 
harein to prepare unlimited , or at Least adequate, amounts o£ 

is a valuable and innocuous rabies vaccine in an ecanamic qrid 
relatively straightforward manner. The preparation of such 
quality rabifts vaccine by wultiplioation of the viruEee in 
hujnan diploid cell cultures (HDC) i& highly invpoBsible as a 
consequence of the low efficiency the subatrste* 

2t> It iB noteworthy that hy an order of February 1979, the 

-CDC has restricted the use of human diploid coli.rabios 
vaccine to people having developed life -thrcatanlng side 
effects after adminifltration of the ducK embryo vaccine or 
Who vers incapable of acgulrln^ an appropriate titer of 

25 ratibodies. 1!he reason given for this is inadequate 

- 17 - . 
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prgductivlty of the huinaci diploid cell oulturas (see also, 
MorMdlty and Wottalitv V^eeklv Report: C^!WWR> 27:333, 413 
11975)). 

Ihe ratoiea vaccine prepared by the procej^s ac nor ding to 
5 the liwwtion is at least equivalent to M HDC vaccina in 
which the vir\jBafi have been multiplied ift Uiiwan diploid cell 
cultures <S€€, zy.mple 1 hereitiheiow) . No aide a^fect^ have 
been obeervsd upon sdminiflirxation oi W^ifi vai^clne up to the 
present time, thereby maki^^ available for medical use a 

10 rabies vaccine ol excel Xetit value and af £ active jies a and whitsh 
has negligible sid* «f facts ♦ 

when th« antigen a£ this invention is used to induce 
iiRimine responfie in a human or ^nimal^ it is adminiBicred in 
M mount sufficient to dlioit an inununizing response. The 

13 amount of »nti9on may adjusted by a clipicien doinq the 
adniiAiatratlonr as comnonly occurs in the adinninistration ot 
v^ccitififi and other viral agents which induce iramuTii^ing 
xfiBponses/ Suitable vaccine unit airiounts are between about 
2»S units end 11} units, preferably between about a 

2^ units and ^ units « Although a single administration 
induces an imnutie responae, Ticultiplo ad3Qiai3tration& may 
carried cut i£ d»sired or if so required Lti accocdADce with 
schedules Knoisrn por sc. Ttt^ route ot administration can be 
any of the routes generally used for rabies vaccines ^ euch as 

25 by injection subcutanaously, intraiaueo^uary ann uho 
liKe. 
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Having now g(7.nera;Lly described this invent toUr tbe same 
will be better understood by reference ta cectAin ^pooific 
cx.furipler5 , which are inducleU hereto for purpcses of 
illuatratlQTJ Ottly and ara not intendeds to be liraitinq of the 
5 invention or acy cmlJoatTneni: thereof, unless so 9pecii:iad. 

SxaiTOPle 1 - PREPARAT7.QN OP A PURtPIHD DUCK BMBRVC ttAlilSS VACCINE 

1- Preparation of the virus suspeia gig n 

(al The "Wis tar rabia^f, PM ^-pitman-KooreS fiTOCS^ virus 

10 QtraiA from the wlstar Institute, Philadelphia « or another 
jrahies virus strait) euitablo for the preparation a vacoiziQ 
was a^a^ptdd to the embryo oeXl^ teforo actual use by 
intracerebral paeaage in mice and repeated pajssage by 
Inooulation in du&K eg^a wbich have undergone initial 

15 incubation. Tlie viruses used for the prepacation of the 
vaccine are th09e fxosn a pacrsagie with a particularly high 
titer and which have already proved to be suitable in the 
preparation of rabies vaccine in accordance with the nnethod 
of J^?i> Hosking ^ ^'Labojratory Techniques", in Rabies by Kaplan 

20 et al.. WHO, 27: 243 --55 Duck Smbryo V«ccine (1973). 

Fertilized duck egfci^ froni heaithy stocks were 
Incubated at a. fce»porature of 3€*C i 1"C arid a humidity of 
65-70%. After sir. day^ they arc candled with UV light and 
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unouitabJlB egg^ axe rejected- Od day 7 of iticubstian^ the 
rabies viruc was Inocuiated directly intd thit yoik sac of the 
eggo in which an cmbr^'o was developing*. Tn? Incujsation was 
continued and 10-14 daya Xatfis: tha eggs were ag&Xn CAAdled 
5 with W light. The eggs in which th« fitmbryos continuecl 

to develop well rare op»netd under sterile cooditioiifip and the 
(unbryo^ ve're renvoved and dAcapltated* The heeidd li^ere stored 
indi vidudlXy u&disr sterile conditiono in the'v«por phase 
over liquid nitra^en until t^e sterility cesc? were 

10 conpI^tQ. Groups of of the sterila h^ads ware combined 

iato a pool vith the addition of & defined amount ot a 
stabiliaer. The sterility of es^ch pool was again tested* In 
addition to the stabilizer, it vas also possible to uea a 
t^acl/phoaphate buffer con(pridi»9 0.75% disodiuRi hydrogen 

15 phoBphatet 0fl45% pdtasaimn dibytdrogen phpcrphate and 0.4ftl 
sodium chloride in diatilled water, or other s^aline solutions 
as ara customary £or the purpose of diluting vaccines ^ even 
desalinated water, as long as the pH vas in the ratnga b&tvean 
7 and 

20 7ho rabies virus e^ctract n^ae cbtalnad by camrnlnution of 

the above mentioned sterile embryo head? using a nveat 
mincer « The tissue fragnvecits were v«a&-hed twice with a 
phosphate- containing buffer. After centrifugatlon at 
10 / 000 -i 5, 000 X g and at a temperature ot ^-5"c tte 

25 infectious viru& was coliootod in the supernatant fraction* 
Kentaining brain particles or other lipid-contaiaitig tissues 

- 20 - 
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were removed by subsequent £lI&r&tion through « ^ause filter 
BYBtam. o^fi remaining rcslduoB of h«a(i tisfiue can be 
extracted once more and filtered by use 0£ the aame ptaceBS, 
by wMch maans a. higher antigen yield ef about 10% ia 
5 achieved . The sediment a^^in rvtftpended in a 

phoRphat a « containing buffar and stirrad for at least one hour 
at law teropexature |1'4*C) before th^e centr If ligation aiid 
Ciitration. 

(bi A Bfii^eita^ntt virtuaiiy comj^ieta delipidation 

iO waa carried out by mixing the resulting viral auapansion with 
^n inert liquid hydrocarbon aolvdrtt with n 
relatively low density ^ such as^ iQv example , n-hept.ane^ 
KconQgenli&atipn was carried o^t in every oase under a glaas 
ball containing nitrogen go-e^ the viral suapen&ion waa 

IS pumped through a mixer Bystexn^ e.g«^ Virtia mixer « at 
a eonatant flov; rate of, a<g. # 500 ial7»iin. At tha sama 
time, tiie n-beptane f?aa pun^d into the mixer ayatesn at a 
rate of 50 nl/nia. The lipid*'«ontaining phase viaa removed by 
centrifugation at 10,000-15,000 x g* Traces of the diaaoived 

20 hydrocarbon solvent wore than removed froni the delipidatad 
virus extract by aXaowing an inert gaa aiich as^ a.g-« 
nitrogen f to bubble, thcough the aqueous phase and nuilntainlng 
thft acquoouB phase under vaouuun at 4'C for a period of 
about 15 bo\irs. 

2^ (c) An alternative procesa iox the hydrocarbon 

delipidation ia aa rpllowsr Sterile embryo heada may be 

- 21 - 
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conwilnutftct/ extractod and flltcri^d as d^ecxibe^^ unrtar 
The renioval of the toreign lipids may th©ii h^. Cfirxled out by 
using th«i fliiorinat«d hydrocubon solvent 
1^1^2-trlchlorotrlflunroethAne. Ttaie iniiivlilual iforXlM 
5 Bt6ps remain the same* 

II- congentration and furtter iaurii:icjLtion t>f thft virug 
suspgnai&n 

(») The prftpuriiied rablas viral Biupensicn pr^pdred by 
the proceBB described abOTa had a viral titer between XQ^ aintd 

la 10^ ttLD5£)/ml. This sct^terial was Turt^er purified eiid 

concentrated centrlfugating once twino on a linear aucxose 
gi-adient (15-55%) at 75^000-90,000 x 9« A concentration 
factor of 100 si we« attained in this mexmer. n^e 
glycoprotein aizd nucleoproteizi content (before and after 

IS aolubilifcation o€ the. virus membrMe vith Triton X 100, 
thAt is to say election of the intact virione)^ the virus 
titer, the deneity and the eterility of the gradient 
fractions were tested « Sterile fractions with a ratio of 
rabiee glycoprotein to nucleoprot^ln which oorreaponde to 

20 that d£ the purified whole virion solution/ end with a very 
high infectious titer (for example lO^-^lD^^ MriD^o/ml) wierQ 
cotnbined end reserved for further procee^ving. 

<b) h further purification snA concentration of tho 
viral su£X>en9ion can be achieved tpy polyethylene glycol {PSG} 

2S precipitation » For this purpose,. PEG 60gc ( Siegfried A>G> . 
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ZOfiTigen, :>witatx:laiitl) ^9,s dlsaolvod in X l<k\ atren^trh 
phDKhftto-contAinina buffer Rolxitiott (pH ft.O). This *tock PEQ 
solution wAA storill£«d in ^r. ftutc>cl2iv« nn^ stomd At 4*C» 
The viriil guftp^nKion whicli VfA& ibdljufit:»d » & pK of 8«Q 
S vith n 10% KaOH ftolution vas then ptwipit^t^d with the «toc2k 
PTC solution at A fln«i dilution of 6%, Tb« f&ixture vaa 
iitixred ftt tenvpeiAty^^ of for at iMat one hour, the 
raibi«9 virus can then be »ediineiit4Kl by oentri£u<)ftii.Qn at a 
speed of 10,000*15,000 x 9 ever a poiriod of 30 nln. "Ztis 
10 rftntov«d vlruR wfts amln BUBpsnded vlt)i a atabills«r to the 
flAAl volunia And was reserved for further proce0«in9- 

III* FormuXatioii ot th^ viral concentrateo . 

Pretested vir&l oonoentXAtea ver^ combinad and diluted 
wi^h a suitable stabilizer, £oz example aodim phosphato 
15 ^buffer {pH 7.4} « vith a physioloffical sodium chloride 

aolution# or with another Btabilis^r which h&a already teen 

dea^rlbed (aee^ Hoaking j l.cj to a concestration of about 

7 5 

iO * MLDg^/ml. fiterility and virus titer were tested 
a^ain« 

JO IV* 1 ftaot^vat ion of the vi ruce a 

For the iiinctivatioix with beta^propionoXactone , the 
final voli^e of the viral auapenaion waa maintained at a 
tomperature of 1-4«C with contitiuouA atirring* Freahly 
prepared^ ice-cold aqueoiia beta-propioRolactone aolution vaa 

- 23 • 
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lidded in an unburn: auch th&t a concentration of Ii4p000 was 
iLttalnfid. Af t«i t^^ Buspension stirrcdl at a temperature 
of 4'*C for 5 mln, it wan tranof«rred into n soGoxid vcmqX and 

. »tirr«d for a furt)i«r ^0 bouxsj the pH and teraporature were 
5 coiii;inC'UOly inonltored* A d«craasei in the pll vraa taken ais a 
roeasur^t o£ fiPL hydirolyaift. As recorded « the pH from 

. about '8.0 to about 7,4, At tfte eft<3 of tha Inactivation, 
thiowersaa {o-fethyl3nftrcuryi:Mo>^ben»Dlc aold) va» added 
until the concentratiDti of this antlBeptlc snbstancd H'as 
10 lrlO,0(30. 

The inactivatfid viral suapenaion obtained in accordance 
with Bflction IV waa dispensed in single tfo«e« of 1 ml into 3 
ml viala, freaze-drying stoppers were placed loosely on top, 
IS and the vaocine ww freeae-drled in vacuo, w&en the drying * 
procefi« vaa cocnpleted the snopperfi v^xb pushed in tight and 
the vials were cloEcd with motal capa to assure the tightness 
of the vlaXs,. 7h« viala i»rere then atored at a temperature of 

VI. »#confltit«t4ojR to give the vaccina ready for use, 
and use of this vaccine 

Prior to its use^ 1 ml of sterile distilled water waa- 
Injected through the rubber stopper iiito each vial« 'The vial 
vas then shaken cautiously, vithout forming a foairi, until the 

- 24 ^ 
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vaccina vrag completely dissolvad. The entire ccntBnt a£ tbe 
vial w&s than lD:j«cced aiubcutxnoously into the upper exm of 
the subject, 

VII, Quality cohtral of the f iiiiAl product ■ teats 
G The quality canttol procedures ctoaitprlMd: th^ 

d«tarminatl&n of ths antigenic Ity, sterility, inactivity/ 
innccuousness and contents c£ nitr(?gexir cholesterol, NaCl, 
BPL residues and thicmersal. 

Antl<f&n.iiyity ? 

10 Antigens wftrn taetfid in accordance with 

standard IrxetruotXcns o£ the National insritute 

of P«^Jit)>^ VBA. Tholr Ability to bind antibodi©* 

< 

in the arFiT test vae ^Iqp ineaaured ^ R.^^^ Arto &t 
Labo;r^tox-y Techniques in Habicfi^ 3rd ^ition, 
15 WHO ttonogreph Series 23:265-267 (137^)/ and 

J.5« gro ith Qt aj, , Lab* techn. In Sab., 3rd 
edition, SffiO Xonograph Setins 23:354 to 357 (1973). 
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All tho HbMl products for live ^xrovcn bo 

be sterile i 

Inactivity ^ 

5 7hi8 was tasted in bvbty na&» on thtM 

young r&bbitfi and t«n Ai&e, tchii^h, ait^r 
Intracerebral inoculation of the reconstituteii 
v^ccino, weia obsarved for 14 days. . The o^nismaad 
showed no Eigria ot di^ea^e in any case* 

10 !XnQoeuousn6i^s ; 

Three guinea pigs received 5 nil 
Intrapdritofta^i dos^s of tha reconetitated vaccine 
Qoiucionr and 3 mice received 0*b ml i.v. doses, 
IxL no oasd did the animals nhCM reHCtions dif ferin? 

1^ ^rom noTJiial. 

The stability of the vaccine obtained in 
accordance with tho above deacription in the 
freete-dxied form WAfi alfio tasted. Efficacy 
(AGV-U/itil as a percentage of tha initial figure 

20 (0)) va& prefierved after storage at the stated 
te»q;>erature for y monttifi. 

U) atftbility of the vaccine obtained in 
accordance with Bjcamplc 1 [concentrsLtion in 
aooordaftca v;ith 2a) in th* freefce-drled .form, TStiO 

- 2S 
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activity (AQV-u/ml) us a parcaTitagii of the initial 
figure (D figure ) 1« eehca^n ia Table 1, l^^reiritelow. 





Activity of the Vaccina (Bx^wnplE 


l-2a) 


Batch 


0 figure 


•f 37*C 


+ J7*C 


number 




1 month 


2 months! 


83 Ly 111 TIC 




100% 


110% 


83 liY III Tia 


1 , a 


93% 


92% 


Cb) 


stability 9f the rabie» vaccizse obcained 


Accordance with Example 1 (ccneeittTation Jlti 


accordaxxce with 2b} in 


the free ISC -drie^l forjii* The 


activity 


(AGV-U/mi) as 


a percent Age of the 


initial 


figure (Q 


1 figure} id dho^n in Table 2 hesreinbelciw* 


3able 2i 


Activity of the Vaccine (EwnpXe 


l-2fc>) 


Batch 


a figure 


+• 3'?"C 


+ 37 •C 


number 


AGSV-U/ml 


1 inbnt.h 


2 itiD^itha 


A3 hy III T15 


5.0 




95% 


«3 I^y III Tl$ 


B.a 


i07% 


104% 


83 Ly 111 MO 




. 144^ 


715% 


83 i.y III T21 


3.5.3 


"124% 


92% 


93 Ly III T22 


8.5 


165% 


iai% 


83 Ly III TZ3 


13*4' 


105% 


112% 


83 Ly III T23 


9.5 


147% 


326% 
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Thc ,actlvltg oi tUe rabies vaccine 
obtained in accordance with Exainpl^ 1 iii ^ do^ 
After s.c. inoculation is shown in Table 3 

Table Activity of vacclAfi {sxample I, dog} 



Number or itioculAtdd Vaccine Vaccina 

animblB with more than sccotdintg to according to 



0.5 lU 1C0% 100% 

2 . 0% 75% 

lU c intem&tional unitd of Sktitil^odv content 

{<Si) CojnparativQ activity in hwnans of tha 
x«bieQ vaccina obtained in aecordanc« vith sxample 
1 and the KCD vaccine (BehringK 

The activity of the now vaccine was compaired with 
that of the fiCO vaccine (Behrio9>. tabic 4 hereinbelow shovfi 
the peroentAge of eiubject« tpihich irtmunolo^ically r Quoted by 
forming antihadiea after administration o£ one of these 
vacGin«ff, in general Q*S Iti being regarded br conferring 
pratBction (inacuiation on days 0, 3, 7, 14 and 2B). 
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Table Camptira.ti.va Activity of inv^fitive Vaccine 
and HCS Vaccina 



Antibody tltar 
(WPIT) 
(toy 14) 


tsx. 1 (2bl) 


Vaccine 
tSx, UaJ) 


HDC vaccine 




3 consecu- 
tive batches 
54 subjects 




AGV: 5«3 XV 
2Q iiubjec» 




100^ 




190% 


2 




100% 


1D0% 




80% 


0D% 


30% 


ao 


45% 


so% 


50% 


15 


2B% 


47% 


30% 



7V s international units of antiboiSy content 



Rq suits ^ 

The rabies viicciiie pr^p^red by tiio process according 
to the invention proved in ttie clinical trial to be of ut 
lea^t «qaal fituality to ^n HOC vaccine » v^hereln the viruses 
had b&dn multiplied in human diploid cell culturas (HDCK 

B^gajfogalfr 2 - Preparation Of A Purificcl Duf.i)r attbryo Vaeclne* 

Rabies virusas vera Multiplied in duck; egga ^hich havo 
undergone initial incubation as described in Eseample 1. the 
viruses ^lexc! separated from the embryo heads by cutting the 
heads open, r^sttovino the brain tissue and oomminutin^ in a 
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manaer pregerving cell and virai inte^^rlty, snd were 
harvested toy resuspwsion in a phosphate but'f«r yoluticp- 
The vlr&l sufipensipn wa9 j^rthcr processed &r> give a 
vacciM aifi in £XAmpl« 1. 

5 BxaiBfplft, 3 ^ Purified DuuJt Eaubryo Vaccine. 

?i hi<3[hl7 cDncentratr.(i viral ffuspension vrag prepar^^^i in 
accordaDC€ with Jlxiunple 1 and was inactivated Ijy treatment 
i^ith txi-(ft-butyl) phosphate* After inactivation, the 
concentrate vaa f r^exe-'dried* 

10 Bxajnple 4 - Preparation of Purified arjinic«n vmbryo Vaccine. 
Chlck&o figge ara incubated at 36*C + i*C un4«r ^ 
humidity ^0-75% far 7 days, on day 7 of the incuhation, 
th6 inoculum virus was directly inocu lotted Into the yolk fiac 
of the emhryoB undergoing development in the eggst The 

IS , incubation continued. Seven days later, the oggs were opened 

and the eRihrvos were removed and diEiSTtenxbered* the heads # thai^ . 
spinal cscfd and the trunks varo procea^sed separately* They 
were comminuted ir^ a mann^sx, such that they provided a 10% 
atrensth tissue suEspenBioa (that is to Bay a suapenaion of 

20 10% by weight of embryp tiaeue), xha viral coRc«ntLrat4i9n wa« 
titrated using Antibody binding tost io the RPriT < rapid 
Fluorescent focus i\ibibJtian ^eet] . 'i-tarec seri^aa of te^iKfl 
were carried oat; the results of which are ehown in thiy table 
' hereinbdlow. 
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Tablo Prep«ration o£ Chicxen ErabtTo v«ceine 



Viral concentration 

nr> 50 /ml) 



Head 



7,25 / 7-4 A 7. a 



SpiMl cord 



& 7.Q 



Trunk 



6,0 / €.6 cr 6.B 



ID « SO^inl *5 virus ttt«ir x Xoty Id tox the winiinxim 

concentration for infaction of S0% c£ the tissue 



It was found th*t tto tifrsu^ of the ceiitxal Tiervous 
S7stem jC2r&^ contaiited atoout 10 tlm&B as much virvmo as the 
trunK without tha OHS. 

On th« basis Qt tl\^M xesults^ the preparation of the 
chicken embryo vaccine hy the ntethod 4ife^criJ>ea in Exainple 1 
WAK carried out only with the embryo headd. In the preaefit 
cafte« the rabies viruses which had bsei) adapted to chicken 
cells vas jpmXtiplied in partially inoaDatea ohickeA 
m*g., by th« method of H. Kowoweky (laaboratorv technimte in 
SaDieft by K»tt* Kaplan «t al. , WHO Qenevap Chapter 26, pa^aa 
335-2^2). 

7he erne were inoculated on day 7 of incubation atict 
Incubation wae continued the next day. Seveo to niue days 
after inoculetiocx of the virua into the yolk sec, the heade 
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q£ the chictex) ^inbryos were removed and ptocmss^d in 
accordance with the inftttod destczibed in Example 1. This 
entailed the final conc«ntX4itiori c»C the viruseEc being carried 
out lay precipilration with pcly^thylme glycol. TbA VAcelne 
5 prepared in this xnAnner wan avibjected to the quaiXity control 
teste described under } through vii. This vaccine also 
proved to be fully active in tnunana. 

SxaniDle 5 * PreparflLtioa Of Quail Btntoryo vaccine, 

li> a Rutnner Analogous to that descritoect liv Example 1, 
10 attentuated rabiee vlruaee were multiplied in qu&Xi Qggs 
which had uuder^^n^ ialtiial Incubation, and were harvestecS 
and prccesoed to ototaJLp the vaccine. The reiculting vftccine 
proved to be fully active in animal experinients * 

Examplo 6 - Preparation 0£ A Rabies Vaccine From Viru&ed 

15 mu ijplied in Kic«. 

?lve-day old nuice «;ere inoculated intracerebraLly with 
attenuated veed rabies viruses « After ten daysi, the mice 
which mre still alive vere sacrlfied. T!h» bralna of the 
anitnala vere removed arul cosnminuted in a joanner wbich 

20 preserved cell and viral integrity* The cell auBpenslon was 
processed to five a vaccine by the proceed of Sicample 1, 
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Sxamfile 7 - yrfipar&tion Of A H«Mfis Vaccitje frcsm vlrusae 
tftultJLplUd in Sats. 
3-4 dfty old rata wor« inoculated intracerobrally wtth 
«ttenu&tad »ed rabise viruses » A^ter X2 days^ the r&ts 
b vhifsh were still auivlviag w^re saezi£ied- The br^lM of th« 
aninalB wers processed to give the vaccine Ixa analogy to 
Bxerapla 6. 

Sxfflpple 8 * Rabiea Vaccine Protn Vlxuses Hviltiplied 
In Rabbits » 

10 Six day old rabbits were inoculated intracerebrally with 

attentuated seed viruees* After 15 days the rabbits were 
■aerified* The brains of .the animala were proceeded to give 
a vaccine in analogy to Example 

Exentf>le 9 ^ vaccine From viruses Multiplied In L-amhs^ 
15 8-10 day old sheep were inoculated intrac^rtsbreliy witii 

Attenuated seed rabies viruses* ^fter 30 dbye, the laiobs 
were Mcrif ied. Their braine were rejvioved aijd procasBed to 
give a vaccine in analogy to 5xan)(ple 6. 
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H&vibg now Sully describadi the ij^ventlon. it will be 
apparent to one of otdiuaiy sk^.ll in the «rt th*t many 
chati^es and modit'ications c»a be m&det thereto without 
depnrting from the spirit c£ the scope of the inveation as 
««t fortb herein. 
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1* A ptDCOra for obtftinincr ingtctlveited rftbiea viruoes, 

11} intracerobmlly iiuiculatln? an expfirXtoAatAl 

aniTAAl tfith whola live rabiee virusefijt 

(2) ailowln? for Ksid viruses to muXtlply^ 
(3^ conmiiautiti^ narve tift»U9 from the aaii^ai'fl 

brain to obtain a cell Btisponolon^ said comminutlc^r; )>eing . 

conducted in the abaence of a mixer to preserve the integrity 

of the viruses ; 

aeparatin? live whoXo viruRea from the call 

suspansiojiF 

(5) <iallj>ldating tha liva wtiolft viruuec; and 

(6) ffelactively concentratln? the viruaea^ vhereiis 
stap^ <!} t}\rc»a«)k ara conductadl at laaat once and up tQ 

3 tixftca; aaid virutsaa telng sutetantially inyelln'£re«. 

2. Tha px&ceaa of olaim 1 vhaj:ftin the viTusas are 
Belaetivaly cancentxatM toy density gradient centxiiugatioD 
or ptecipitation with a polyethylene glycol* 

l^he proce&B of olaim 1 farther oomprialng 
inactivating the viruaaa* 
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4< The process of claiia vfherein the vlrusss etre 
sap&rntdd £Yora Che cell avuipenslon by wnshib? and auapandirig 
thercQl in d pbyeioloqical buffer $oLution hAving a pH ahout 
7 to a. 

5, The prccesfi of claim 1 whexala the vlrc&es axe 
deXipidAtfid by, adding « watar-immlBcible liquid organic 
solvent. 

6, The- proc9S8 of clftim 1, wherein the solvent la a 
hydrocarbon selectisd froaft the gro\ip consl«tii3fl of 
T*?etftr-immisliDle liquid hydrocarbons or halogeuatad 
hydrocarboetdt 

7, The procfltsfi ot claiw whfisrein the dellpidatittg 
hydrocarbon is an tiaiogGnated hydrocarbon. 

S* The proeess.of claim $ wherein , tho hydrocarbon ia 
ael«ctfid from tha group consisting of a patrolaum ether, 
fluorinated or chlorinated ethane and homologu^fi thereof. 

9, The piocesB of cXalm S wherein the petroleum etlior 
i& heptanes. 
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XO. Tho prw^sa oi claim 1 wherein the aniinal Ifi 
5elC!Cte<& frcan the group consisting of mice, r^ts^- rabbits 
. stnd sh«6p. 

XI* The pro&tt^s ot clRlm 1 further ooRiprislh? precipi- 
tation at3d concentrating the virusefi. 

12, ThQ process of claiin 3 wherein the viruses are 
inftCtivatGd by adding & virus<^i!iactivatiing amount of 

p-propioiiolactone or txi-fn-fautyi ) phosphate - 

13, The process of crlaim 1 further comprieing 
pliiclng &aiO viruses in a sterile vial and 

fraa2e-4xyii3g thereof* 

14, A rabiee vaccine comprising inactivated rabies 
viruees which are substantially cnyolin-f rec in en amount 
effective to elicit an insrunologiring responee when 
administerecl to a eubject. 

X5« The rabies vaccine of claim 14 having at least 10 
antigen value units per log oi nitrogex^* 



16« rebies vaccine of claim 14 in dosago unit Earm. 
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17. k rabies vaccine comprising attenuated rabies 
viruses obtained by tl^e process o£ claim 1, said vaccii^ 
being substantially myeiin-free and said viruses iMsin? 
present in an amount effectives to <i3.icit ap Inpniaizing 
response when admlTjistered to a subject « 

IS. 'fh^ rabies vaccine of claim 17 having at least 10 
antigen value units per jng of nitrogen « 

19 « Ttie rabies vaccine of cl^Lm 14 in dg$ag9 unit form.. 

20* ^ proce4is for cbt^ining. atternxo^ted x^bi^w viru9e9 
covrprising 

inoculating a poultry ejabryoegg witb vbole live rabiea 
viruses; 

allow,i.n9 fgr said viruses to tnialtiply; 

ooiinnilnutin9 th9 «nfaryo frow tlie poultry egg to obtain a 
cell suspension; said comminution being conducted in the 
absence ot a mixer to preserve the integrity of the viruses ? 

separating live Whole vixuesja from the aell suspension? 

delipidsting .the live whole viruses; and 

selectively concentrating the viruses j wherein. steps flj 
through (4} are porformed ac least once and up to 3 
times; said viruses being subctantlally myelin-free. 
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21, The procGBC at cX&im 3:0 further ccstnpriain^ inocu*- 
latino tte virufififf. 

27 > Tb« procees of caAim 7,0 further coroprlslng con^vct- 
Ing the talXcwin^ Btepa at least once prior to inoGulat:;Ln7 
tho poultry embryo 

live whole rabies viraees^ 

Allowing for the viruses, to multiply; and 
saparating live wholo viru£e& iron brain tlsfias. 

23. The process of claim 20^ wimr^la tha attenuated 
yirufie* are a^jlectively c:or)<5eti±ratH<3 by deasity tf;xadiei3t 
centrifugation or precipitation with a polyethylene glycol, 

2\* The process of claim 20, wherein the viruses are 
separatfld traw th© cell suapansion by wa&hii^g and fiuependlng 
thereof in a physio locfical buffer solution pH tibaut 7 to 

The ptc7Ca&& of claim 20 wherein tho vixueea are 
dellpldBted by adding a liqulei vatsr^imidcible cr?anlo 
solvent, 

26 « The process of claim 2S, wherain ttub solvent is 
a hydrocarbon selected from the 9roup consisting of liquid , 
vol&tlve hydrocarbonB or halogenated hydrocarbons. 

^ 33 ^ 
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27. process of c.lAiia 26 wnereia tme delipldAtl.n9 

hydrocarbon i« an halog^m^t^^ hydrt^carbon. 

29 . the prQC«6ff 9f Plalm 26 iMhereixi thn hydrocarbon is 
selected from the group csonsiHtln? of a petroleum ether ^ 

f luordosated or chlocimted etliiAtie And hocsolowea thereof • 

7S* 7ho proceae of olaiia 28 wURraln tte p^tToleum ether 
is heptane « 

30. The procecH of cliirti 12 vjh^^rcin the experiment a 1 
animal is selected from the group condidtin^ of tnlf^s. rat£« 
ra3dbi-t£i and ehoep. 

31. The process a£ claim 21 therein the viruses are. 
inactivated by adding 9 viruo-in^crtl voting emoumt of 

fr-propionolectone or tri- (D-hutyl) phosphate* 

31, The process of claim 20 further oompri&ing pre- 
cipitating and ooncentrating the viruses » . 

33 < 7he prooess o£ cialAi 2Q wherein the enfbi'yonic 
poultry are Belacted from tha group conBlstin? of 
embryonic duck, chicten and quail eggs* 
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34. The proDoe* i>f elaiw 20 2urthar ccmprisizig 
pl&clitg s&ld vlruaos in in »t«ril« vIaI And 

35. Thn procsRfi oi cl&im 30 v^9X9in the d^u^peiiBioii 
contalnln? tlift virxiSQO obtainod by Cfcaneoinutln^ th« b«Adfl 
of th« esobryoR,. 

X rAbi&a vaccine cotfftprisiR? inactivatod jf«iJdi6& 
vi^iie«6 obtained bv the proce^as o{ claim eaid vaccine 
baing BubatantiAlly per/ft lin- free And eaid vlrueoB bcin^ 
preoeat In An amount effective to «iicir an iiwnunising 
ruponn when Adninlstared to a subjept* 

37* The rftblM vaccine of cl&im 36 contalainq At least 
10 antigen value tinitd por mg o£ nitrogen* 

3$, X!h« nhic3 vaccine of claim 36 in doe»g« unit form. 
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